With the growing importance of public engagement in science policy-making and declining levels of public trust in food production, the European Food Safety Authority (EFSA) has attempted to embed 'good governance' approaches to strengthen scientific independence and open-up risk decision-making, which include the use of public consultations. However 'opening-up' of risk assessment policies reveals some tensions, namely: balancing the goals of scientific excellence and transparency; protecting science from interests; addressing value judgments; limited opportunities to debate ethical and social issues. EFSA's development of risk assessment policy for genetically modified animals is used as a case study to analyse these tensions. This analysis suggests that in order to fulfil good governance commitments and maintain trust in risk governance closer cooperation between EFSA and the European Commission is required to provide 'space' for debating the broader risk management issues.
Introduction
With the growing importance of public engagement in science policy-making and declining levels of public trust in food production, the European Food Safety Authority (EFSA) has attempted to strengthen scientific independence and open-up risk decision-making through the use of public consultations. However 'opening-up' risk assessment policies reveals some tensions, namely: balancing the goals of scientific excellence and transparency; protecting science from interests; addressing value judgments; and limited opportunities to debate ethical and social issues.
The role of publics in the development of science policy has shifted considerably in the last twenty years, from one where publics are deemed to have a deficit in knowledge or understanding and as such need education about science, to one in which publics are valuable contributors to science policy development (Burgess, 2014; Jones, 2014) . In response to this shift in thinking about the role of publics and the democratic deficit resulting from various food and agricultural crises that were seen in Europe in the 1990s, the European Commission ('Commission') initiated a new 'good governance' agenda that involved opening-up science policy-making to the public. At the turn of the century, the Commission's White Paper on European Governance set out an agenda to increase legitimacy and rebuild trust in expert advice and European governing institutions more broadly, including those with risk assessment and management responsibilities (European Commission, 2001 ). An outcome of this White Paper was the General Food Law Regulation (EC Regulation No 178, 2002) which established EFSA in 2002 to provide scientific advice to the Commission on food safety matters and take responsibility for the risk assessment 1 and communication functions of risk analysis. Since its establishment, EFSA has played a significant role in developing European risk assessment policy 2 through its 'Guidance' documents which explain the principles behind the procedures and approaches to risk assessment and specify the information and data required for risk assessors, risk managers and applicants (Vos & Wendler, 2006) . EFSA embedded this notion of good governance with a specific focus on strengthening the independence of scientific advice and opening-up risk assessment policy to the public through consultations.
Traditionally, decisions concerning risk assessment policy have been left to scientific experts with the public participation literature suggesting public consultations are more appropriate for risk management decisions than for risk assessments policy (Rowe & Frewer, 2000) . In this context, EFSA's public consultations should be recognised as innovative. However, opening-up a scientific body to public involvement has resulted in greater levels of scrutiny and in turn has triggered debate about a number of possible tensions in the food risk characterisation and management process at a policy-level. Through an analysis of the published literature, this work identifies four tensions arising from opening-up science policy, particularly risk assessment policy to public or stakeholder involvement:
1] A tension is observed between the goals of scientific excellence and openness and transparency, particularly when public consultations are used to achieve both goals.
Opening up science policy-making to public and stakeholder involvement brings a broader range of knowledge that may challenge traditional notions of scientific excellence and expertise, potentially allowing values to shape scientific outputs and therefore undermine these notions of scientific excellence (Scientific Committee on Health and Environmental
Risks, Scientific Committee on Emerging and Newly Identified Health Risks, and Scientific
Committee on Consumer Safety, 2013; Klintman & Kronsell, 2010; Bengtsson & Klintman, 2010; Steffek & Ferretti, 2009; Oels, 2006 , Waterton & Wynne, 2004 . Current management approaches limit the 'opening up' of policy-making, favouring scientific excellence over a broader inclusiveness and therefore such processes are not responsive to public and stakeholder expectations.
2] When endeavouring to ensure that scientific advice in policy processes is at the cutting edge of knowledge advances and technology development, yet is independent and protected from interests, particularly single issue interests, tensions emerge. Opening up science policy to public and stakeholder input can challenge the independence of scientific advice (Klintman & Kronsell, 2010) . Management approaches that strive to open-up the process but only facilitate technological input and not insights from other stakeholders can be subject to criticism regarding access bias and independence. EFSA has recently been criticised for such conflicts, which are more apparent as the organisation strives to open-up.
3] The tension between acknowledging value judgements in risk assessment that can be challenged and traditional notions of science as a value-free enterprise can be difficult to
manage in an open consultation process and can result in even the very framing of any risk assessment being challenged (Begley, 2013; Boyd, 2013; Wickson & Wynne, 2012; Finardi, Pellegrini & Rowe, 2012; Fanelli, 2012 Fanelli, , 2009 Meghani, 2009; Klintman & Kronsell, 2010; Wandall, 2004; National Research Council, 1996; Kunreuther & Slovic, 1996; Brunk, Haworth & Lee, 1992) . EFSA has at times denied the existence of values in risk assessment and management approaches have limited opportunities to discuss them.
4]
The tension between what is deemed as the scientific characterisation of a risk (science) and then how that risk ought to be managed (ethics, politics, etc.) in the broader risk governance framework can be seen to be controversial and contested. This is often set out in statutory terms as the division between risk assessment and risk management. When scientific risk assessment policy is developed in isolation from the broader risk management policy, a forum to discuss the ethical and social issues associated with risk management can be absent and this in turn causes tension (Brunk & Hartley, 2012; Gaskell, Kronberger, Fischler, Hampel & Lassen, 2007; Wandall, 2004) . Opening-up only part of the risk process to a limited public consultation can exacerbate existing frustrations regarding the lack of consultation on and consideration of ethical and social dimensions.
Despite calls for further research and insights from the social sciences on participation in risk assessment policy (Shepherd, 2008) , there is a paucity of case-based investigations of public consultations employed in the development of risk assessment policy. Here, we analyse the four tensions identified above through the illustrative case of EFSA's development of risk assessment policy for genetically modified (GM) animals. EFSA's establishment has been an important step along the 'good governance' road for food risk management but some of the tensions that are discussed here may impact on the long term legitimacy or perceived legitimacy of EFSA's risk assessment processes not only for GM animals but the governance of GM animals in the EU more broadly. This analysis suggests that in order to fulfil good governance commitments and maintain trust in risk governance closer cooperation between EFSA and the European Commission is required to provide 'space' for debating the broader risk management issues. This publically-accessible space may be needed alongside rather than instead of EFSA's consultation. The study provides useful insights for future policy development at EFSA and holds valuable lessons for wider efforts to consult the public on science policy.
The case of GM animals was selected on the grounds that it is a recent example of EFSA's risk assessment policy, announced in May 2013 and, given the controversy around risk governance decisions for animal cloning (Brunk & Hartley, 2012) , GM animal policy was likely to involve important governance and ethical issues, particularly concerning animal welfare. Further, this case allowed access to the data from the public consultations through publically accessible documents on EFSA's website (accessed between May 2013 and March 2014). Research was conducted through documentary analysis of the resources listed in Table   1 , including EFSA's corporate and policy documents, meeting minutes, guidance documents and open access 'comments' submitted through the public consultation processes. The public was invited to comment on the draft documents although comments would not be taken into account if they related to "policy or risk management aspects, which is out of the scope of EFSA's activity" (EFSA, 2012a, p. 10) . In the case of the risk assessment of food, feed and animal health and welfare, EFSA documents 341 comments from 29 interested parties (although it states that it received comments from 32 parties) (EFSA, 2012a). In the case of the environmental risk assessment, EFSA received 720 comments from 35 interested parties. Tables 2 and 3 document the participants in each of the consultations. These interested parties include stakeholders and individual members of the public. EFSA considered all comments that fell within its remit. Comments related to the ethical and social aspects of the Guidance documents were not addressed (EFSA, 2012a). animals'. Along with each of these documents, EFSA published comments from the public consultations on the draft Guidance and explained how these comments had been addressed (EFSA, 2012a (EFSA, , 2013b ).
Tensions in consulting the public in developing scientific risk assessment policy
A number of tensions arise from the opening up of the ESFA process through public consultation. In this section, we examine each of the four tensions identified in the literature and analyse them for the case of GM animals risk assessment policy development.
The tension between the goals scientific excellence and openness and transparency
EFSA is guided by a set of key values that include scientific excellence and openness and transparency (EFSA, 2013d). EFSA defines scientific excellence as "objective and independent science-based advice grounded in the most up-to-date and reliable scientific information and data available" (EFSA, 2013d, 'Excellence in science') and makes a structural separation between stakeholders, publics and experts with the explicit goal to ensure scientific excellence and independence. At a management level, this distinction can be seen between the Stakeholder Consultative Platform 6 and the Management Board 7 with the Stakeholder Consultative Platform consisting of stakeholders and the Management Board composed mostly of scientific experts. In the case of the development of a risk assessment policy for GM animals, this separation can be seen in the distinction between, on the one hand, the public and stakeholders through the public consultations and, on the other hand, experts through the GMO and AHAW Panels, expert working groups, and expert workshops.
Contemporaneous with the pursuit of the goals of scientific excellence, EFSA pursues the goal of openness and transparency. Public consultations are a policy tool that EFSA uses to achieve both of these goals, increasing scientific excellence in the risk assessment policy and opening-up the process to public scrutiny. In EFSA's approach on Public Consultations on scientific outputs (EFSA, n.d.), EFSA states the purpose of the public consultations in relation to the two goals of transparency and scientific excellence: "The importance of public consultations to ensure that EFSA is seen, and perceived, as a glass house is apparent and inherent to the concept of transparency… In addition, consulting on draft scientific outputs are also important in gathering views, data sources and comments that should in turn ensure the completeness, the clarity and the effective respect of those outputs." (EFSA, n.d., p. 3). However, the consultations present a challenge for EFSA as they explicitly seek input from stakeholders and the public, potentially allowing values, particularly through interests, to shape scientific outputs and this may if permitted undermine scientific excellence (the specific issue of protecting science from interests is addressed in the next section). Therefore, EFSA has to find a way to consult the public and stakeholders while ensuring that the evidence provided is scientifically independent if it is to be used in the development of scientific outputs. Further, there are two assumptions that underlie this tension. The first assumption is that the balancing of scientific excellence, openness and transparency assumes a clear distinction between
science and values and that it is possible to ensure science is free of values. This assumption is addressed in Section 3.3., below. The second assumption is that there is an opportunity to address non-scientific issues which fall outside of EFSA's remit. This assumption is addressed in Section 3.4.
This tension between the goals of scientific excellence, on the one hand, and openness and transparency on the other has been well documented (SCHER et al., 2013; Bengtsson & Klintman, 2010; Klintman & Kronsell, 2010; Oels, 2006 Committees are acutely sensitive to this possible critique and throughout their report make it clear that risk assessment needs to be maintained as a scientific exercise. As stated, dialogue should take place while "ensuring the scientific integrity of the risk assessment" (SCHER et al., 2013, p. 8 ) and that dialogue "should properly inform but not bias what is measured in risk assessment" (SCHER et al., 2013, p. 10 ).
In the case of EFSA's development of risk assessment policy for GM animals this tension was managed by prioritising the key value of scientific excellence over openness and transparency and by prioritising expert knowledge over public and stakeholder knowledge. In this way, openness was constrained and the effectiveness, as well as the legitimacy, of efforts to open up risk assessment policy to public input is drawn into question. For example, EFSA used experts from the GMO and AHAW Panels and working groups to analyse the public's comments and decide which of these counted as impartial, objective scientific knowledge.
This approach attributes authority to experts to determine what counts as scientific knowledge and a two-tier system develops, privileging expert judgement over the legitimacy of public and stakeholder input (Klintman & Kronsell, 2010) .
A good deal of the consultation participants (in Tables 2 and 3, see government departments/agencies, university/research organisations, industry and public interest groups)
contributed scientific arguments and scientific expertise that presented alternative views to the EFSA experts as laid out in the draft Guidance documents. These comments often disputed the expert determination of what counts as sufficient evidence for risk assessment, the type of evidence relied upon and the scientific basis for the comparison of GM animal with non-GM surrogates. For example, the Federal Agency for Nature Conservation, a government agency, disputed the experts' determination that experimental data about abiotic interactions should only be provided by applicants if it is available, arguing that this data is essential for assessing these types of risks. However, in the final Guidance, the expert's determination remained. The dominance of expert knowledge and also the lack of opportunity to debate or deliberate on these scientific disputes between experts and stakeholders may be seen to undermine the scientific value of consultation.
Management of the tension between scientific excellence, openness and transparency by prioritising selected expert knowledge over public and stakeholder knowledge has been identified elsewhere. In a study of the European Environment Agency (EEA), Waterton and Wynne (2004) show that while the EEA recognised the value of opening up science policy to 
Protecting the independence of expert science advice
An important dynamic that is identified when opening up risk assessment is whether this process will create interactions between EFSA Panel members and externals that may be deemed as unacceptable access or influence. Many public and private organisations are increasingly being scrutinised for potential conflicts of interest. Public regulatory bodies are particularly sensitive to these concerns and are striving to embed governance approaches to significantly reduce conflicting relationships for staff and appointed members. An analysis conducted by Klintman & Kronsell (2010) identifies the potential for science to be shaped through interest-driven associations with stakeholders as a dependence that EFSA needs to avoid. As part of the implementation of its founding principles EFSA applies two approaches to manage interest conflicts, specifically selecting (i) what are defined to be 'independent scientists' using self-declaration protocols to identify and manage interest conflicts (as do other Commission bodies) and (ii) controlled management of the interactions between the scientific expert panels and the stakeholder panel. For example, EFSA developed an organisational structure which separates panel scientists from members of the Stakeholder Consultative Platform, who unlike the scientists are defined as promoting interests. The need to avoid dependence and maintain the integrity of scientific advice is regularly acknowledged with independent science being seen as is an ideal that EFSA pursues.
However, the attainment of independence from interests through structural measures has been called into question not only by researchers (Klintman & Kronsell, 2010) Geslain-Lanéelle, 2012). In operationalising these principles, one of the mechanisms that EFSA still heavily relies upon is the 'Declaration of Interest' policies and procedures to protect the independence of science. This is managed by experts declaring their relevant activities and then these are subsequently screened by EFSA, so that conflicts of interests can be assessed and managed. An interest is defined as "all interests falling within fields of competence of the Authority" (EFSA, 2012b, p. 4) . If a conflict is found, the expert may not be considered for membership or restrictions may be put into place to limit her/his influence (Gassin et al., 2012 
Recognising value judgments in risk assessment
EFSA does not officially recognise that the science used in risk assessment involves valuebased decisions despite a growing body of literature demonstrating the science of risk assessment is shaped by implicit values (e.g. Finardi et al., 2012; Wickson & Wynne, 2012; Klintman & Kronsell, 2010; Meghani, 2009; Wandall, 2004; Kunreuther & Slovic, 1996; National Research Council, 1996; Brunk et al., 1992) . It has been argued that it is precisely this institutional denial of implicit values that is the cause of the public's lack of trust in science governance (Wynne, 2006) . Implicit values may shape risk assessment through bias, self-interest or research practices (Begley, 2013; Fanelli, 2012 Fanelli, , 2009 He also suggests that bias may be systematic across "whole fields of science" (Boyd, 2013, p. 159 ).
In the case of the risk assessment policy for GM animals, the Guidance documents include normative questions, assumptions and commitments which result in values playing a role in shaping the risk assessment. Interestingly, in the Guidance on environmental risks, EFSA recognises that risk assessment involves subjective judgements, but that these values can be managed through uncertainty analysis:
"In all cases, applicants' uncertainty analysis should be conducted and presented in a reproducible manner … This is particularly important where extensive subjective experts' judgements have been applied. Subjective judgements can introduce uncertainty in model structure and parameter values, particularly in data-poor situations." (EFSA, 2013a, p. 43) .
Consultation participants raised concerns about value judgements in the risk assessment policy for GM animals. For example, the Norwegian university/research organisation, GenØk
Centre for Biosafety argued that applicants who wanted to release a GM animal were being asked to make explicit value judgements that should be the responsibility of risk managers. In particular, it pointed to an instance where applicants were asked to determine the significance of harm and acceptability of risk. Nine instances in the Guidance on environmental risk assessment for GM animals where applicants are asked to make such a determination are set EFSA's public consultations present an important opportunity to identify and discuss value judgements that are made in the context of risk assessment. Indeed, Finardi et al. (2012) argue that it is precisely these implicit value judgements that present the strongest argument for EFSA's public involvement approach. By denying both the existence of values in risk assessment and the opportunity to discuss them, EFSA's values are insulated from criticism and debate. Klintman & Kronsell (2010) questioned the underlying purpose of EFSA's public consultations on scientific outputs, suggesting the primary driving force behind the shift toward good governance has been to increase public trust through increased legitimacy.
EFSA has clearly stated that public consultation on "sensitive issues", such as new technologies "is considered essential to encourage the understanding and acceptance of EFSA's scientific work." (Gaskell et al., 2007, p. 2) . The recent instances of institutional denial of values in risk assessment and statements like these that suggest that EFSA may see public consultations as best serving its risk communication function rather than its risk assessment function appear to be contrary to the good governance agenda that EFSA is striving to achieve.
Where are ethics and social issues discussed?: The tension between risk assessment and risk management
EFSA's Founding Regulation makes a clear distinction between the three components of risk analysis: assessment, management and communication. EFSA has responsibility for risk assessment and communication whereas risk management is the responsibility of the European Commission, specifically the Directorate-General for Health and Consumers (DG SANCO) and Member States (Gassin, Arcella, Sheye, Ramsay & Kalaïtzis, 2012; Perry et al., 2012) . However, this structural separation of risk assessment from management appears to be increasingly at odds with open and accessible governance approaches, particularly when there is no notable forum for debate on risk management issues. Further, tensions arise when EFSA blurs the lines in practice between risk assessment and management while still embedding a distinction in its public consultations. Overall, the absence of a European Commission-led forum to debate the social and ethical issues raised by GM animals leads to public and stakeholder frustrations with EFSA's consultation process and risks the legitimacy of EU governance of GM animals more broadly.
In 2007, EFSA held a workshop to investigate consumer perceptions of food products from cloned animals. The workshop explored a social scientific approach to risk, particularly the social scientific evidence that public perceptions of risk are unlikely to be based on science alone, but will also be based on 'other factors' that include substantive ethical and procedural justice issues, trust, and culture (Gaskell et al., 2007) . The report of EFSA's workshop draws attention to two cultures of risk, a science-based one, embraced by EFSA, and a societal one, based on a broader range of considerations. To relieve the tension between the two cultures of risk, the EFSA's workshop report recommends that parallel social dialogues should be held to map the broader range of issues: "While retaining the independence of scientific risk assessment a social dialogue should map the other factors that are likely to drive public perceptions, recognize that consensus across the publics of Europe may not be possible and ensure that all decisions are fully justified and the reasons for rejecting certain positions fully explained. For EFSA and DG SANCO, the reality and appearance of procedural justice should be a priority." (Gaskell et al., 2007, p. 5 ).
EFSA's workshop on animal cloning was explicitly convened to investigate the risk management issues associated with animal cloning, including the ethical and social issues. At the time, it was stated that exploring these issues "would help to better understand and anticipate societal views and set a context for EFSA's scientific work." (Gaskell et al., 2007, p. 2) . This blurring of the line between risk assessment and management sends a confusing message to stakeholders and the public who are not allowed to comment on risk management issues in EFSA's public consultation, even though EFSA itself sees the issues as important for setting a context for its work. Indeed, EFSA's Director of Communications states "Experience ... shows that ... ethical considerations must also be taken into consideration and that public consultation and stakeholder engagement are critical for informed discussion on sensitive technologies." (Gassin et al., 2012, p. 390 ).
EFSA's Founding Regulation recognises: "scientific risk assessment alone cannot ... provide all the information on which a risk management decision should be based, and that other factors ... should legitimately be taken into account including societal, economic, traditional, ethical and environmental factors." (EC Regulation No 178, 2002, p. 4) . However, it is not clear that DG SANCO has created a mechanism at the EU level for debating or understanding there is no evidence that this document has played a role in the development of the current EU governance framework for GM animals.
Despite the specified terms of reference for EFSA's public consultations that restricted comments to scientific issues, participants addressed the ethical and social issues and communicated their frustration about EFSA's inability to consider these issues. Participants raised concerns about procedural legitimacy, including the false separation of science from the ethical and social issues, the lack of space to debate these issues and what was described as the premature scientific risk assessment when the social and ethical issues had not been debated in the broader policy framework. Some participants saw the consultation as evidence of the European Commission's acceptance that GM animals were desirable without allowing for public debate of the full range of issues. Table 5 . documents participant concerns about procedural legitimacy in the public consultation on Guidance on the risk assessment of food and feed from genetically modified animals and on animal health and welfare. However, EFSA did not consider these issues as they fell outside its remit "Many comments referred to lack of a holistic approach including ethical, political and socioeconomic issues ... These comments were considered to be outside the scientific remit of EFSA and were not addressed." (EFSA, 2012a, p. 5) . At this time, the governance framework for GM animals consists of EFSA's risk assessment policy and is based solely on science. Brunk & Hartley (2012) have drawn attention to the risk to legitimacy that results from democratic mechanisms relying solely on science. These risks were also discussed at the EFSA workshop on animal cloning for food production where Gaskell et al (2007) note: "if risk managers do not recognize the import of 'other factors' then EFSA's science based position may come into conflict with public perceptions... In such a situation trust in EFSA and other EU bodies may be jeopardised" (p. 5).
Conclusion
This policy process presents an important case for examining the tensions between the scientific and technical remit of public agency and the aims and expectations within the public consultation process. EFSA's approach to public consultations acknowledges 
